Adenosine has been reported to stimulate or inhibit the release of angiogenic factors depending on the cell type examined. To test the hypothesis that differential expression of adenosine receptor subtypes contributes to endothelial cell heterogeneity, we studied microvascular (HMEC-1) and umbilical vein (HUVEC) human endothelial cells. Based on mRNA level and stimulation of adenylate cyclase, we found that HUVECs preferentially express A 2A adenosine receptors and HMEC-1 preferentially express A 2B receptors. Neither cells expressed A 1 or A 3 receptors. The nonselective adenosine agonist 5Ј-N-ethylcarboxamidoadenosine (NECA) increased expression of interleukin-8 (IL-8), basic fibroblast growth factor (bFGF), and vascular endothelial growth factor (VEGF) in HMEC-1, but had no effect in HUVECs. In contrast, the selective A 2A agonist 2-p-(2-carboxyethyl)phenylethylamino-NECA (CGS 21680) had no effect on expression of these angiogenic factors. Cotransfection of each type of adenosine receptors with a luciferase reporter in HMEC-1 showed that A 2B receptors, but not A 1 , A 2A , or A 3 , activated IL-8 and VEGF promoters. These effects were mimicked by constitutively active ␣G q , ␣G 12 , and ␣G 13 , but not ␣G s or ␣G i1-3 . Furthermore, stimulation of phospholipase C indicated coupling of A 2B receptors to G q proteins in HMEC-1. Thus, differential expression of adenosine receptor subtypes contributes to functional heterogeneity of human endothelial cells. A 2B receptors, predominantly expressed in human microvascular cells, modulate expression of angiogenic factors via coupling to G q , and possibly via G 12/13 . (Circ Res. 2002;90:531-538.) 
T he purine nucleoside adenosine is an intermediate catabolite of adenine nucleotides. Adenosine serves as an autocoid in situations when oxygen supply is decreased or energy consumption is increased. Under these conditions, adenosine is released into the extracellular space and signals to restore the balance between local energy requirements and energy supply. Endothelial cells interact with adenosine mechanisms in many different ways. Endothelial cells are known to have a very active adenosine metabolism, characterized by a large capacity for uptake and release of the nucleoside, 1,2 and can be an important source of adenosine released during ischemia. 3 Conversely, adenosine may modulate endothelial function via activation of cell membrane receptors. The precise nature of the interaction between adenosine receptor subtypes and endothelial cells and their role in the regulation of endothelial function is not completely understood.
Adenosine receptors belong to the G protein-coupled 7 transmembrane superfamily of cell surface receptors and include A 1 , A 2A , A 2B , and A 3 subtypes. Endothelial cells are known to express adenosine receptors, but there are conflicting reports on the presence and the role of specific adenosine receptor subtypes. For example, human umbilical vein endothelial cells (HUVECs) were reported to express either A 1 , 4 A 2A , 5,6 A 2B , 7 or A 3 6 adenosine receptors, depending on the functional end-point studied and pharmacological tools used. Coexpression of more than one adenosine receptor subtype has been reported also in endothelial cells 8, 9 ; it is not clear, however, if and how coexpressed receptors interact. Furthermore, endothelial cells from different blood vessels are heterogenous, and it is possible that diverse endothelial cells show differential expression of adenosine receptor subtypes.
The functional role of adenosine receptors in endothelial cells also remains unclear. Adenosine-induced vasodilation has been attributed, at least in part, to activation of endothelial-derived factors in some vascular beds. 10, 11 Adenosine is thought to promote endothelial barrier function and to maintain vascular integrity. 4, 7 Adenosine has also been found to stimulate the proliferation of capillary endothelial cells [12] [13] [14] and to promote neovascularization. 15 Regulation of neovascularization depends on a delicate balance of proangiogenic and antiangiogenic factors, proteases and their inhibitors, and adhesion molecules. Vascular endothelial growth factor (VEGF), interleukin-8 (IL-8), and basic fibroblast growth factor (bFGF) occupy a particular place among positive modulators of angiogenesis due to their potency and the reported essential role each of them plays in promoting angiogenesis. 16 -18 Extracellular adenosine, generated in high concentrations in hypoxic tissues, has been found to modulate secretion of VEGF. 12-14,19 -22 However, depending on the cell type studied, adenosine has been shown to either stimulate or inhibit secretion of proangiogenic factors. Recent studies demonstrated that adenosine stimulates VEGF production in human retinal endothelial cells, 13, 14, 20 and this effect was attributed to activation of A 2B adenosine receptors. 13, 14 In contrast, adenosine inhibited hypoxia-induced VEGF production in rat pheochromocytoma P12 cells, and this effect was attributed to activation of A 2A adenosine receptors. 21, 22 In this study, we characterized the adenosine receptor subtypes present in 2 different human endothelial cells types: one obtained from large venous conduit vessels, HUVECs, and the other derived from skin microvasculature, HMEC-1.
Our purpose was to test the hypothesis that diverse endothelial cells would show differential expression of adenosine receptor subtypes and that this will translate into distinct phenotypes in regards to expression of angiogenic factors.
Materials and Methods

Cell Culture
HUVECs and HMEC-1 were kindly provided by Dr D.E. Vaughan (Vanderbilt University, Nashville, Tenn). Chinese hamster ovary CHO-K1 cells were obtained from the American Type Culture Collection (Manassas, Va).
Chemicals
5Ј-N-ethylcarboxamidoadenosine (NECA) and 2-p-(2carboxyethyl)phenylethylamino-NECA (CGS21680) were purchased from Research Biochemicals, Inc. 3-Isobutyl-8pyrrolidinoxanthine (IPDX) was synthesized as previously described. 23
Gene Expression Assay
Total RNA was isolated using Quiagen RNeasy Mini Kit. Expression of angiogenic factors was evaluated using gene expression arrays (Super Array, Inc). Human adenosine receptors gene expression array was custom designed by Super Array, Inc. The assay was performed according to manufacturer's instructions. In brief, genespecific [ 32 P]-labeled cDNA probes were generated from 5 to 10 g of total RNA using gene-specific set of primers for reverse transcription. The cDNA probes were then hybridized with gene-specific cDNA fragments spotted on nylon membrane. The relative expression level of each gene was analyzed using a PhosphorImager and Image Quant software (Molecular Dynamics).
Reverse Transcription-Polymerase Chain Reaction
Two micrograms of total RNA from each sample were subjected to reverse transcription followed by 40 cycles of amplification using Promega Access reverse transcription-polymerase chain reaction (RT-PCR) system in accordance with manufacturer's instructions. PCR primers were synthesized to target mRNA sequence representing parts of different exons in human A 1 , A 2A , and A 2B adenosine receptors genes to yield PCR products of 500 to 800 base pairs. The following primer pairs were used for A 1 : 5Ј-TCTGGGCGGTGAAG-GTGAAC-3Ј (sense) and 5Ј-AGTTGCCGTGCGTGAGGAAG-3Ј (antisense); A 2A : 5Ј-TGCTTCGTCCTGGTCCTCAC-3Ј (sense) and 5Ј-GCTCTCCGTCACTGCCAT-3Ј (antisense); and A 2B : 5Ј-CCCT-TTGCCATCACCATCAG-3Ј (sense) and 5Ј-CCTGACCATTC-CCACTCTTGA-3Ј (antisense). PCR primers for human A 3 adenosine receptor were used as described by Mitchell et al. 24 Purified PCR fragments were analyzed by restrictive digestion.
Real-time RT-PCR was performed on ABI Prism Sequence Detection System 5700 (PE Applied Biosystems) in accordance with manufacturer's recommendations.
Transfections and Luciferase Reporter Assay
HMEC-1 and CHO-K1 cells were transfected using Fugene 6 transfection reagent (Roche) with cDNA described in the Results section and luciferase reporters at a ratio of 10:1. The same ratio, 10:1, was used for experimental firefly luciferase reporter:control Renilla luciferase reporter combination. VEGF promoter-driven luciferase reporter, a firefly luciferase reporter plasmid, comprising 5Ј flanking Ϫ1005 to ϩ379 base pairs of the human VEGF gene 25 was kindly provided by Dr G.L. Semenza, Johns Hopkins Hospital, Baltimore, Md. IL-8 promoter-driven luciferase reporter Ϫ133-luc, a firefly luciferase reporter plasmid, comprising 5Ј flanking Ϫ133 to ϩ44 base pairs of the human IL-8 gene 26 was generously gifted by Dr Naofumi Mukaida, Kanazawa University, Ishikawa, Japan. The cDNAs encoding the human adenosine receptors in the pRc/CMV expression vector (Invitrogen) were a generous gift from Drs P.R. Schofield and A. Townsend-Nicholson (Garvan Institute of Medical Research, Australia). Plasmids ␣ s RCpcDNAI, ␣ i1 QLpcDNAI, ␣ i2 QLpcDNAI, ␣ i3 QLpcDNAI, ␣ q RCpcDNAI, ␣ 12 QLpcDNAI neo, and ␣ 13 QLpcDNA3, encoding constitutively active ␣ subunits of G-proteins, were constructed as described previously. [27] [28] [29] [30] Reporter activity was measured 30 hours after transfection using a Dual-Luciferase Reporter Assay System (Promega). Firefly luciferase reporter activities were normalized against Renilla luciferase activities from the coexpressed pRL-TK (Promega) and expressed as relative luciferase activities over basal (set as 1).
Measurement of Second Messengers and Angiogenic Factors
cAMP concentrations and formation of [ 3 H]inositol phosphates were determined as previously described. 31 IL-8 and VEGF concentrations were measured using ELISA kits (R&D Systems) as previously described. 31 An expanded Materials and Methods section can be found in the online data supplement available at http://www.circresaha.org.
Results
Expression of Adenosine Receptor mRNA
Gene expression array results indicate that HUVECs preferentially express mRNA encoding A 2A receptors ( Figure 1A) . As a percentage of ␤-actin expression, HUVECs expressed levels of A 2A and A 2B receptors of 3.2Ϯ0.09% and 0.38Ϯ0.04%, respectively ( Figure 1B) . Therefore, the ratio of expression of A 2A :A 2B was approximately 10 to 1. In contrast, HMEC-1 preferentially express mRNA encoding A 2B receptors ( Figure 1A ). HMEC-1 expressed mRNA levels for A 2B and A 2A receptors of 0.55Ϯ0.07% and 0.13Ϯ0.01% of ␤-actin mRNA, respectively ( Figure 1B) . Therefore, the ratio of expression of A 2B :A 2A was approximately 4 to 1. No mRNA encoding A 1 or A 3 receptors was detected by gene expression array in either HUVECs or HMEC-1. In control experiments, all 4 subtypes of adenosine receptors were detected in RNA isolated from human brain using the same technique (4.5Ϯ0.3% for A 1 , 5.8Ϯ0.4% for A 2A , 0.48Ϯ0.02% for A 2B , and 1.5Ϯ0.1% for A 3 adenosine receptors as a percentage of ␤-actin expression).
To further verify the absence of A 1 and A 3 mRNA in HUVECs and HMEC-1, we used RT-PCR techniques. Only A 2A and A 2B , but not A 1 or A 3 , receptor mRNA was detected by RT-PCR in both cells ( Figure 1C ). All 4 subtypes of adenosine receptor mRNA were detected in control experiments using total RNA isolated either from human brain or from CHO cells expressing each of the human adenosine receptor subtypes. Differential expression of adenosine receptors was also confirmed using real-time RT-PCR, which showed preferential expression of A 2A receptors in HUVECs and A 2B in HMEC-1 (online Figure 1 in the online data supplement available at http://www.circresaha.org).
Regulation of Adenylate Cyclase: Functional Expression of Adenosine Receptor Subtypes
Both A 2A and A 2B adenosine receptors are known to stimulate adenylate cyclase. Therefore, we measured accumulation of cAMP as a way to determine if differential expression of mRNA translates into differential pharmacological profile of adenosine receptors expressed in HUVECs and HMEC-1. Our results confirmed the predominance of A 2A receptors in HUVECs (Figure 2A ). The A 2A -selective agonist CGS 21680 activated adenylate cylcase with an EC 50 of 469 nmol/L. The nonselective agonist NECA was slightly less potent (EC 50 of 950 nmol/L), but was more efficacious than CGS 21680. This pharmacological profile is consistent with predominant expression of A 2A adenosine receptors. 32 In contrast, we observed no evidence of functional coupling of A 2A adenosine receptors to adenylate cyclase in HMEC-1. NECA stimulated accumulation of cAMP with an EC 50 of 14 mol/L, whereas CGS 21680 was virtually ineffective ( Figure 2B ). This pharmacological profile is consistent with the functional presence of A 2B receptors only. 33, 34 
Adenosine-Induced Expression of Angiogenic Factors
Incubation of HMEC-1 in the presence of 100 mol/L NECA and 1 U/mL adenosine deaminase for 6 hours increased mRNA expression of the angiogenic factors IL-8, bFGF, and VEGF by 27.1Ϯ6.2-, 3.9Ϯ0.2-, and 3.9Ϯ0.8-fold, respec- 
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tively, compared with cells incubated with vehicle and 1 U/mL adenosine deaminase. In contrast, NECA did not produce any significant increase in expression of these factors in HUVECs (Figure 3 ). Expression levels of mRNA for other members of the VEGF family factors VEGF-B, VEGF-C, and VEGF-D were not significantly changed after incubation with NECA in either HMEC-1 or HUVECs (online Figure 2) . These results were confirmed with measurements of IL-8 and VEGF protein levels in conditioned media. NECA produced a dose-dependent increase in levels of VEGF ( Figure 4A ) and IL-8 ( Figure 4B ) in conditioned media after 6 hours of incubation with HMEC-1. The selective A 2B antagonist IPDX 23 competitively inhibited NECA-induced IL-8 secretion with a K B of 1.5 mol/L (online Figure 3) . In contrast, the A 2A selective agonist CGS 21680 at a concentration of 10 mol/L, at which it produces maximal activation of A 2A adenosine receptors, had no significant effect on basal levels of VEGF and IL-8. Incubation of HUVECs with NECA and CGS 21680 up to 24 hours did not change basal levels of VEGF and IL-8 in conditioned media, whereas 1 U/mL thrombin, used as a positive control, increased IL-8 concentrations from 90Ϯ11 pg/mL to 1.1Ϯ0.08 ng/mL (online Figure 4 ).
Effect of Adenosine Receptors on Activity of IL-8 and VEGF Promoters
To examine the role of adenosine receptor subtypes in transcriptional regulation of IL-8 and VEGF mRNA expression, plasmids encoding human A 1 , A 2A , A 2B , and A 3 adenosine receptors, or an empty expression vector (mock transfection), were cotransfected either with IL-8 promoter-driven luciferase reporter or with VEGF promoter-driven luciferase reporter plasmids in HMEC-1. Twenty-four hours after transfection, cells were incubated in the presence or absence of 100 mol/L NECA for 6 additional hours. Under the conditions of our experiments, NECA increased activity of VEGF and IL-8 promoters in mock-transfected cells by 1.2-and 2-fold, respectively, compared with vehicle-treated cells. Cotransfection of VEGF or IL-8 reporters with A 1 or A 3 adenosine receptors had no significant effect, and cotransfection with A 2A adenosine receptors attenuated by 84Ϯ17% and 73Ϯ8% NECA-induced stimulation of VEGF and IL-8 promoters, respectively. In contrast, cotransfection of VEGF or IL-8 reporters with adenosine A 2B receptors in HMEC-1 resulted in a 2.6Ϯ0.1-and 11.7Ϯ0.4-fold NECA-induced stimulation of their activity, respectively ( Figure 5 ). The observed effects were not due to variation of transfection efficiency because such differences were overcome by normalization of data with the cotransfected control constitutively active Renilla luciferase plasmid pRL-TK. Similar results were obtained also in CHO-K1 cells lacking endogenous adenosine receptors, where cotransfection of IL-8 reporter with adenosine A 2B receptors resulted in 5.1Ϯ0.7-fold NECA-induced stimulation, whereas cotransfection with A 1 , A 2A , or A 3 had no effect on reporter activity (online Figure 5 ). In ancillary experiments, the expression of recombinant A 2A and A 2B receptors in CHO-K1 cells was verified by NECAinduced increase in intracellular cAMP levels. The expression of recombinant A 1 and A 3 adenosine receptors was confirmed using previously described radioligand binding technique. 23
Effect of Constitutively Active ␣ Subunits of G Proteins on IL-8 and VEGF Promoters
To examine requirements of IL-8 and VEGF gene expression for specific G-protein activation, we transfected HMEC-1 with vectors encoding mutationally activated ␣ subunits of G proteins together with either a IL-8 promoter-driven luciferase reporter or with a VEGF promoter-driven luciferase reporter. Cells assayed 30 hours after transfection with constitutively active mutants of ␣ q , ␣ 12 , or ␣ 13 G protein subunits produced 7.6Ϯ0.1-, 6.1Ϯ0.2-, and 5.7Ϯ0.1-fold increase in VEGF reporter luciferase activity and 23.2Ϯ1.6-, 19.6Ϯ0.9-, and 14.1Ϯ0.6-fold increase in IL-8 reporter luciferase activity, respectively, when compared with mocktransfected cells. Luciferase activity in cells transfected with constitutively active ␣ s , ␣ i1 , ␣ i2 , or ␣ i3 was virtually the same as in mock-transfected cells ( Figure 6 ).
Adenosine-Induced Inositol Phosphate Accumulation in HMEC-1
G proteins of the G q family stimulate phosphoinositide hydrolysis by activation of phospholipase C-␤. To determine if this pathway is stimulated by adenosine in HMEC-1, we measured the accumulation of total inositol phosphates in the presence of 20 mmol/L LiCl. As seen in Figure 7 , 100 mol/L NECA produced a small but significant increase in accumulation of inositol phosphates compared with the basal levels (from 704Ϯ35 to 861Ϯ22 cpm/tube, nϭ6, PϽ0.01, Figure 7 ), and this effect was completely blocked by the selective A 2B antagonist, IPDX (10 mol/L). In contrast, the selective A 2A agonist, CGS 21680, had no effect on basal levels of inositol phosphates.
Discussion
Our work demonstrates that human endothelial cells of disparate origin are characterized by differential expression of adenosine receptor subtypes. HUVECs express mRNA for A 2A and A 2B receptors at a ratio of 10:1, and this preferential gene expression agrees well with the typical pharmacological phenotype of A 2A receptor-mediated simulation of adenylate cyclase by adenosine analogs. Using complementary techniques, RT-PCR, and gene expression array, we found that A 1 and A 3 adenosine receptors are not expressed in HUVECs. Previous studies in HUVECs have suggested a potential role of A 1 receptor in maintaining endothelial barrier function 4 and of A 1 and A 3 receptors in modulation of tissue factors expression. 6 The apparent contradiction between these results and ours can be explained by the use of nonselective concentrations of adenosine receptor ligands in previous studies.
HMEC-1 also express only A 2A and A 2B mRNA, but in contrast to HUVECs, they express predominantly A 2B receptor mRNA, with a ratio A 2B :A 2A of 4:1. The difference in expression of adenosine receptor subtypes between these cells is even more dramatic when the effects of adenosine 
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analogs on cAMP accumulation are compared. In contrast to stimulation of adenylate cyclase in HUVECs, the selective A 2A agonist CGS 21680 had virtually no effect on adenylate cyclase in HMEC-1. Thus, we found no evidence of functional coupling of A 2A receptors in HMEC-1. Interestingly, previously published data on expression of adenosine receptors in human and porcine endothelial cells derived from large coronary arteries also demonstrated the predominance of A 2A receptor-mediated simulation of adenylate cyclase, 9 similar to that observed in this study in HUVECs derived from human umbilical vein. In contrast, adenosine actions were thought to be mediated by A 2B receptors in human retinal microvascular endothelial cells, 13, 14 a finding similar to that observed in this study in HMEC-1 derived from human skin microvasculature. It is tempting to suggest that endothelial cells lining large conduit vessels express predominantly A 2A receptors and endothelial cells lining small vessels or capillaries express predominantly A 2B receptors. However, an expanded comparative study of various endothelial cells of different origin is needed to reach a definite conclusion.
Adenosine is known to upregulate VEGF expression in endothelial cells of microvascular origin. Adenosine was shown to play a role in the hypoxic induction of VEGF in porcine brain-derived microvascular endothelial cells. 35 Adenosine A 2B is the predominant receptor subtype in human retinal microvascular endothelial cells. 13 In these cells, similarly to HMEC-1, only A 2B adenosine receptors are functionally linked to activation of adenylate cyclase and stimulate expression of VEGF. 13, 14 In the present study, we demonstrated that adenosine stimulates mRNA expression of several proangiogenic factors, namely VEGF, IL-8, and bFGF, in HMEC-1 expressing predominantly A 2B receptors, but not in HUVECs expressing predominantly A 2A adenosine receptors. We found that adenosine receptor activation specifically increased levels of VEGF mRNA in HMEC-1, and had no significant effect on mRNA levels for other members of VEGF family angiogenic factors including VEGF-B, VEGF-C, and VEGF-D. We have also confirmed that increases in VEGF and IL-8 mRNA expression in HMEC-1 resulted in increased proteins levels, and these effects were mediated via A 2B adenosine receptors because the nonselective A 2A /A 2B agonist NECA, but not the selective A 2A agonist CGS 21680, elevated VEGF and IL-8 levels in conditioned media.
We have previously reported that stimulation of A 2B adenosine receptors increased synthesis and secretion of IL-8 in human mast cells. 31 Adenosine-induced stimulation of IL-8 production in endothelial cells is a novel finding with direct relevance to angiogenesis. There is growing evidence that IL-8 plays an important and specific role in promoting angiogenesis. 16 -18,36,37 IL-8 is elevated in wounds and enhances wound healing. 38 IL-8, secreted by inflammatory and neoplastic cells, stimulates angiogenesis by paracrine mechanism in various solid tumors. 16 -18,36,37 Hypoxia has been shown to induce expression of both IL-8 39 and VEGF 40 in endothelial cells, implying the existence of autocrine pathways regulating their growth. Hypoxia can induce angiogenesis by various mechanisms, including but not limited to oxygen-dependent regulation of hypoxia-inducible factor 1, the activator of VEGF transcription, 25 or stabilization of VEGF mRNA. 41 Our results raise the possibility that adenosine, elevated during hypoxia, can also contribute to hypoxiainduced angiogenesis via stimulation of A 2B receptors.
In experimental models using cotransfection of IL-8 and VEGF reporters with adenosine receptors, we confirmed that only A 2B receptors mediate adenosine-induced transcription of IL-8 and VEGF genes. In contrast, overexpression of A 2A adenosine receptors attenuated the stimulation of IL-8 and VEGF promoters mediated by native A 2B receptors in HMEC-1. These data agree with the previously reported downregulation of IL-8 in HUVECs 42 and VEGF in rat pheochromocytoma PC12 cells 22 mediated via A 2A adenosine receptors. The exact mechanisms underlying the A 2Amediated downregulation of VEGF and IL-8 are currently unknown and will require further investigation. It is of interest, that selective blockade of A 2A adenosine receptors in PC12 cells, which also express a small number of A 2B adenosine receptors, 33 resulted in an increase in basal levels of VEGF, 22 presumably due to stimulation of A 2B adenosine receptors.
It is obvious that the opposing effects of A 2A and A 2B adenosine receptors on the synthesis of angiogenic factors imply their coupling to different G-proteins. In this study, we demonstrate that constitutively active G q , G 12 , and G 13 ␣ subunits stimulated VEGF and IL-8 promoters. These G proteins are potential candidates for coupling of A 2B receptors to stimulation of proangiogenic factors. Remarkably, the constitutively active ␣ subunit of G s protein, which is coupled to both A 2A and A 2B adenosine receptors, had virtually no effect on VEGF and IL-8 reporters. Activation of G proteins of the G q subfamily is known to stimulate phosphoinositolspecific phospholipase C-␤. 43 We have previously demonstrated that A 2B adenosine receptors not only stimulate adenylate cyclase via coupling to G s , but can also stimulate phospholipase C-␤ in human mast cells by cholera toxin-and pertussis toxin-resistant mechanism, presumably via activation of G q protein. 31 Here, we report the activation of phospholipase C via A 2B adenosine receptors in HMEC-1, suggesting that G proteins of the G q subfamily may be involved in the signal transduction leading to increase of IL-8 and VEGF production in these cells. In contrast to the G q subfamily, the signaling through G 12/13 proteins is still poorly understood. Recent evidence suggests that these G proteins are involved in regulation of cell growth, 44 differentiation, 45 and apoptosis. 46 They have been implicated in regulation of Na ϩ /H ϩ exchange, 27 MAPK pathways, 47 and actin cytoskeleton rearrangement. 48 It should be noted, that many G qcoupled receptors have been shown to couple also to G 12 and/or G 13 proteins (for review see Fields and Casey 49 ). Of interest, while this article was in preparation, Shepard et al 50 reported stimulation of IL-8 secretion by the receptor of Kaposi's sarcoma-associated herpesvirus via coupling to G 13 protein in HeLa cells. Potential coupling of G 12 and G 13 proteins to A 2B adenosine receptors and their involvement in the regulation of angiogenic factors in endothelial cells deserves further study.
In summary, several novel findings are derived from our results. We report differential expression of adenosine receptor subtypes in endothelial cells of disparate origin; A 2A receptors are the predominant subtype in HUVECs and A 2B receptors are the predominant subtype in the human microvascular cell line HMEC-1. Adenosine A 2B receptors mediate the expression of the angiogenic factors IL-8, VEGF, and bFGF. These effects are not linked to stimulation of G s proteins, but appear to be mediated by G proteins of the G q , and possibly of the G 12/13 subfamilies. These results confirm and expand those previously reported in other human microvascular endothelial cells. Our findings add to a growing evidence that angiogenesis is an important function of adenosine A 2B receptors.
